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SUMMARY AND CONCLUSIONS 
1. The hydrogen, glass and quinhydrone electrode systems were 
studied in order to find a method that was suitable for pH control 
of butter made from cream with reduced acidity. A modified 
Schollenberger calomel half-cell and a test-tube-type quinhydrone 
electrode were developed. Directions for their_fabrication are 
given. Methods for preparing butter sera are described for labora-
tory and for factory use. A comparison of the test-tube type of 
quinhydrone electrode with the Bailey hydrogen electrode indicated 
that the former is satisfactory for use by the dairy industry. 
2. Dilution of cream and of butter serum caused the pH to 
appear higher than it actually was in the cream by both the 
hydrogen and quinhydrone electrodes. The dilution that is caused 
by wetting the quinhydrone for the pH method recommended for 
cream would cause from 0.03 to 0.05 pH unit error in the cream 
pH. This error is not important. It would account for about one-
half the difference encountered between the Bailey hydrogcn and 
the quinhydrone electrodes. Dilution effects are greater with butter 
serum than with cream, and it is recommended that no dilution 
be made with butter serum. 
3. A colorimetric pH method for cream and butter serum is 
described. This colorimetric method was checked against the 
laboratory quinhydrone method. It was found necessary to dilut~ 
creams with distilled water I :55 if the acid-reducing agent was a 
soda type or a mixture of a soda and a lime type, I :25 if a 
dolomitic lime and I :20 if a calcium lime. Butter sera were diluted 
I :9. The colorimetric method checked the quinhydrone method 
with the greater number of determinations within 0.3 pH- unit for 
crcam, and 0.2 pH unit for hutter serum (av. 0.13 pH unit). The 
colorimetric method yielded the lower pH in most instances. The 
colorimetric method could be used to advantage by the small 
factory that could not afford more expensive and precise methods. 
4. Two individuals used the colorimetric method with the same 
samples of butter sera. Their results showed agrecment with each 
other within 0.15 pH unit in most cases. The average algebraic 
difference between their readings would usually be less than 0.05 
pH unit. 
5. The laboratory and field quinhydrone methods . for hutter 
sera were compared. The latter tended to yield the lower pH in 
most cases (93 percent). With few exceptions the methods agreed 
within 0.15 pH unit: the average algebraic difference between 
them was 0.057 pH unit. The field method is considered satis-
factory for factory control and is recommended for that purpose. 
6. Melting temperatures and lengths of time of heating prior 
to separation of fat and serum for the laboratory method, or pour-
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ing off the fat for the field method were studied. It was con-
sidered that 60'C. for 60 minutes was the most nearly satisfactory 
heating procedure. 
7. The Coleman industrial pH (glass electrode) meter was 
checked against the quinhydrone method. As a result of these 
checks it is considered questionable whether or not the instru-
ment (and presumably similar instruments) should be used in the 
butter factory. Especially under high humidity conditions the 
instrument is temperamental to a degree that would make it diffi-
cult for the average factory operative to use. Best results were 
obtained when at least 30 seconds elapsed after the electrode had 
been immersed in the serum and the glass electrode and salt bridge 
end were soaked in distilled water between successive measure-
ments, after they had been cleaned. When the instrument was com-
pared in a factory laboratory with the quinhydrone field method 
(quinhydrone pH meter), the measurements could be made in 
slightly less time by the latter method. 
8. The temperatures at which the samples were heated affected 
the pH somewhat. The measurements for samples heated for 60 
minutes at 60'C. were usually slightly higher than those heated 
for 60 minutes at 95'C. with the glass electrode for both laboratory 
and field methods of sample preparation. This was likewise true 
of the field quinhydrone method. The laboratory quinhydrone 
method yielded a slightly higher result for samples heated for 
60 minutes at 95'C. than for those heated for 60 minutes at 60'C. 
9. The glass electrode pH values were slightly higher for the 
sera prepared by the laboratory method than for those prepared 
by the field method. This is in agreement with the result obtained 
with the quinhydrone electrode. 
10. The pH values obtained by the quinhydrone electrode were 
slightly higher than those by the glass electrode, regardless of the 
method of preparation of the sample. A difference of 0.05 to 0.20 
pH unit may be expected between the two electrodes. 
II. The glass electrode was not affected by increase in fat 
percentage of milks and creams. The pH value' was higher, the 
higher the fat content of the product when the quinhydrone elec-
trode was used. The variation in fat content from skimmilk up to 
40 percent would cause a rise of but 0.06 pH unit by the quin-
hydrone method recommended. This error is considerably less 
than that reported by Unmack (IS) and by Knudsen and Sorensen 
(8). Consequently Unmack's correction factors do not apply to 
this method. 
12. Increased curd content of hutler sera, made from creams 
the acidity of which was adjusted with dolomitic lime, caused an 
increase in the pH measured by the glass and by the quinhydrone 
electrodes. When sodium sesqui-carbonate was the acid-reductant, 
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increased curd content lowered the pH measured by the quin· 
hydrone electrode but did not change the pH measured by the glass 
electrode. The result with the sera from the butters made from 
creams adjusted with lime agrees with that reported by Hunziker 
et a!. (7). 
13. Increased salt percentage in butter serum causes a lower· 
ing of the pH of the serum by both the glass and quinhydrone 
electrodes, when the cream acidity is standardized with sodium 
sesqui.carbonate. When the cream acidity is adjusted with l!me, 
the pH 'of the resulting butter, serum is relatively constant if the 
quinhydrone electrode is employed. The glass electrode will show 
a more gradual drop with increased salt than was true of the other 
type of butter. A change in salt content from l.0 to 2.5 percent 
in the butter will lower the pH of the serum 0.10 to 0.15 pH 
unit with butler from cream standardized with sodium sesqui. 
carbonate for both the glass and quinhydrone electrodes. If lime 
was the acid.reductant, this change in salt content will have a 
negligible effect on the serum pH if measured by the quinhydrone 
electrode, but will cause a drop of about 0.15 pH unit if measured 
by the glass electrode. 
14. The differences between the glass and quinhydrone elec· 
trodes caused by salt are from 0.10 to 0.15 pH unit for butter 
from cream the acidity of which is adjusted with sodium sesqui. 
carbonate. When lime is the acid· reductant this djfference will 
be 0.20 to 0.30 pH unit. The difference between the electrodes 
for both types of unsalted butler is approximately 0.08 pH units. 
15. The pH value of cream or butler serum was higher by 
the glass electrode than by the quinhydrone electrode when the 
Ca:Na ratio was above some critical value, and lower than that 
by the quinhydrone electrode when the Ca:Na ratio was below 
this value for all cases except that of salted butter made from 
cream, the acidity of which was adjusted with dolomitic lime. 
The reason for the non.conformity of this experiment was shown 
to be the nature of the change in "saIt error" of the two electrodes 
as the pH of the cream, from which the butter was made, decreased. 
16. The temperature correction devices of the Coleman pH 
meter were found to be satisfactory for normal room temp~rature 
variations. 
17. Asymmetry potential changes caused variations in, the pH 
measurement of butter serum as great as three times the reading 
accuracy of the scale of the instrument. This error was caused. 
apparently, by adherence of fat to the electrode as it was immersed 
in the serum. 
Chemistry of Butter and Butter 
Making 
V. Methods for Determining the pH of 
Cream With Standardized Acidity 
and of Butter Made From 
This Type of Cream1 
By C. E. PARMELEE, E.W. BIRD AND D. F. BREAZEALE 
It became necessary during studies of pH control of butter 
made from cream with adjusted acidity, to study methods for 
determining the pH of cream and butter. serum. The acidity of 
the cream can be adjusted satisfactorily after the relationships 
between cream acidity and butter serum pH have been established. 
The final check of the precision with which the acid reduction 
of the cream is carried out, however, must be effected by a pH 
determination of the butter serum. For this reason methods for 
determining pH in cream and butter serum were studied. 
The two objectives in this project were: 1. To study pH de-
termination methods with the idea of finding or developing 
methods that would be suitable for use in the buller factory and 
2. to determine the factors which might cause lack of agre'ement 
among different factories or laboratories. 
LITERA TURE REVIEW 
In most instances, methods for determining pH hm'e heen de· 
veloped for products other than dairy products and later have heen 
adapted to dairy products. The earlier studies were concerned 
largely with milk. They have been comprehensively reviewed by 
Sharp and McInerney (14). 
These authors (14) studied the application of colorimetric 
methods to milk, whey, cream, evaporated and sweetened con-
densed milk and dry milk. The method they recommended was 
not satisfactory for cream because of the turbidity caused by the 
fat. If skimmilk was obtained by centrifuging the cream in a 
laboratory centrifuge, this skimmilk portion would yield satisf ac-
tory colorimetric results, providing the casein content was the same 
as that of the original skimmilk. They point out that the electro-
metric pH determinations (Bailey electrode) are reliable for 
creams up to about 25 percent fat. With high-fat creams the 
'Project 387 of the Iowa Agricultnral Experimeut Station. 
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correct value must be obtained either. by determining the pH of 
skimmilk separated from the sample or by extrapolating a curve, 
the points of which were obtained at several dilutions for the 
cream sample. 
Seekles (13) obtained results with lyphan paper and the glass 
electrode. Milk and whey were studied. The use of the color 
paper was considered not greatly affected by the turbidity of milk, 
since both the color standard and active portion of the paper 
were immersed in the milk. The colorimetric pH values of 36 
out of 37 milk samples agreed with those of the glass electrode 
within less than 0.1 pH unit, the other sample within 0.2 pH unit. 
The method was not reliable above pH 6.9. Aschaffenburg (1) 
compared the "Wulff" pH tester with the glass electrode. Best 
results were obtained with milk when the color strips were im-
mersed 1.5 minutes and were subsequently rinsed with distilled 
water before the comparisons were made. Values for herd and 
for. individual cow's milk agreed with the glass electrode within 
0.1 and 0.2 pH unit, respectively. The color range employed 
was from pH 5.0 to pH 7.2. 
Lester (10) used the quinhydrone electrode, and compared it 
with the Hjilber-Hasselbalch hydrogen electrode. Results from 10 
samples each of milk, cream and whey were reported. The maxi-
mum deviation reported was 0.1 pH unit; with most samples 
the electrodes checked within 0.05 pH unit. 
Hunziker, Cordes and Nissen (7) used the antimony, hydrogen 
and quinhydrone electrodes with butter sera. The first of these 
was unsatisfactory. One-half to 1 pound of butter was melted at 
75°C. for 1 hour. The curd and serum were pipetted from the fat 
as completely as possible. It was stated that a satisfactory separ-
ation of fat and serum could not be obtained with a separatory 
funnel because the curd packed against the stopcock. Among 15 
samples of undiluted serum the maximum and average variations 
between the hydrogen and quinhydrone electrodes were 0.09 and 
0.01 pH unit, respectively. The average value of 14 diluted samples 
(1 part serum to 10 parts distilled water) was 0.46 pH unit 
higher than that for the undiluted sera. The average value for 
the curdy portion of 13 buttermilk samples was 0.14 pH unit 
higher than that of the clear serum. The average pH value of the 
curdy portions of 11 samples of butter sera was 0.18 pH unit 
higher than that oJ the clear portions. 
Weckel (16) suggested two methods for the preparation of 
butter sera for pH determination: 1. Centrifuge 35 gm. melted 
butter in a Mojonnier flask for 60 turns (during 1 minute). pour 
off the melted fat and either (a) use the serum directly or (b) 
chill it in a test tube to solidify the fat, shake to mix the curd 
into the serum, and remove the serum with a pipette. 2. Melt 
35 gm. butter in a 2.5 x 12 cm. test tube, centrifuge in a Babcock 
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centrifuge and withdraw the serum with a pipette. 
Unmack (IS) and Knudsen and Sorensen (8) pointed out that 
the pH of cream is higher than that of the skimmilk if the quin-
hydrone electrode is used_ Unmack showed that the pH values for 
the two products are the same if the glass and hydrogen electrodes 
are used. She showed that the anomaly with the quinhydrone 
electrode was caused by the greater solubility of quinone than of 
hydroquinone in the fat phase. This affected the ratio of oxidant 
to reductant, which in this measurement should be a function of 
the pH only. The equation presented by Unmack for correcting 
the pH value of cream for fat is: 
l::,. pH = 0.5 log_ 
(IOO-P) + 0.12 P 
(IOO-P) + 1.75 P 
From this equation an approximate correction factor was de-
veloped: 
l::,. 'pH = -0.0035 P. 
In both expressions P is the. percentage fat in the cream. 
Parks and Barnes (II) compared values obtained with the glass, 
quinhydrone, hydrogen and antimony electrodes. Whole milk, 
butter milk, cream, ice cream mix and butter serum were investi-
gated. The antimony electrode yielded unreliahle results. The 
averages of the values obtained by the other electrodes were re-
ported to agree within 0.01 pH unit for measurements made with 
four samples of each product. The quinhydrone electrode yielded 
measurements which drifted appreciably when a plant inurn elec-
trode was used; no such drift was encountered when the platinum 
was replaced by gold. 
EXPERIMENTAL 
EQIDPMENT 
SAMPLE PREPARATION 
Samples of butter for the laboratory and field methods were 
collected .and melted in 4-ounce, screw-capped glass jars. These 
jars were likewise employed as centrifuge bottles in conjunction 
with a size 2 International centrifuge, with the laboratory method. 
Eight-inch lengths of 5 mm. diameter glass tubing were used to 
pipette the serum from beneath the fat, with the field method. In 
the final separation of fat and serum (laboratory method), Shaw-
test separatory funnels were employed. 
For centrifuging both the 4-ounce jars and the Shaw-test separa-
tory funnels, a rubber cushion (1/8 in. thick) was cut from a 
large rubber stopper and was used on the bottom of the large 
brass centrifuge cup. The Shaw-test separatory funnels were held 
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Fig. 1. Equipment employefl for colorimetric pH determinations of cream and 
butter serum. 
in an upright position by four corks placed between the funnels 
and the brass cups. The separatory funnel stopcocks were held 
in place during the centrifuging with rubber bands. The funnels 
were so oriented that the force of the centrifuging seated the 
stopcocks. 
COLORIMETRIC pH DETERMINATION 
Figure 1 shows the equipment employed. The buffers, 1, indica-
tor, 2, and distilled water, 3, were used from 30 ml. indicator 
dropping bottlcs. A color reaction plate, 4, (as proposed by Haas 
(6» was used for comparing the colors. The butter sample was 
melted and centrifuged in a 35 ml. screw-capped specimen vial, 6, 
(height 95 mm., diam. 27 mm.). The clear sera were removed 
with medicine droppers, 5, and the mixtures were stirred with 
small-diameter stirring rods, 5. 
ELECTROMETRIC pH DETERMINATION 
QUlNIlYDRONE ELECTRODE 
For determinations made in the laboratory, a Leeds and North-
rup hydrogen ion potentiometer (No. 7665) and a Leeds and 
Northrup lamp and scale galvanometer (No. 2420C) were em-
ployed. When the determinations were made in the butter factory 
the Leeds and Northrup quinhydrone pH indicator (No. 7654) 
was used. 
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The calomel and quinhydrone' half·cells employed are ~hown in 
fig. 2, sketches I and 2. The ground joint of the former functioned 
best when it was rough ground wilh 180·mesh and finished with 
600·mesh carborundum powder. The clamp assembly is shown 
(top view) in fig. 2, sketch 3. The H.shape of the calomel half· 
cell and the type of clamp assembly make it possible to swing the 
ground glass bridge out from the clamp, which holds either the 
protecting tube or the quinhydrone half·cell. This facilitates clean· 
ing and drying the bridge. 
Two difficulties may arise with the calomel half·cell. It may 
become sluggish after several months of use jf the KCl crystals 
above the calomel.mercury paste fuse into a solid sheath. Breaking 
this KCI layer restores the sensitivity. Faulty readings at times 
result if the ground glass bridge is not properly clean'ed, because 
of diffusion of materials upward between the ground surfaces. A 
browning of the KCI in the protecting tube usually precedes this 
difficulty. Unseating the rod and flushing the cell with a solution 
saturated with KCI and Hg,cl. restores the half·cell to its original 
condition unless the mercury.containing arm has been fouled. 
The quinhydrone half·cells that have given the most satisfactory 
service are shown in fig. 2, sketch 2. Two types of "soft glass" 
have been encountered in making them, viz. one with a deep green 
color, the other with a violet·amber color when the cut end of a 
length of tubing is viewed against daylight. The green.colored 
glass yielded satisfactory electrodes; the other type yielded half· 
cells in which the glass collar around the platinum wire cracked 
spirally from end to end in many cases. Deviations of the plati. 
num wire from cylindrical shape, especially if sharp edges are 
formed, cause the glass collar to crack. This collar protects the 
platinum wire and eliminates erratic potentials resulting from a 
settling of materials to the bottom of the electrode. The collar 
should cover all platinum parts and leave only the gold exposed. 
The gold flags are most easily formed by fusing a blob of gold 
to the end of the platinum wire at such a temperature that, the 
gold melts to form a sphere but does not alloy with the platinum. 
The sphere is then pounded out to form a foil which is trimmed 
to the desired size and shape with a scissors. The gold 8phere is 
most satisfactorily made by forming a platinum sphere on the end 
of the wire in an oxy-gas flame and then melting gold around it, 
again at a temperature that will not alloy the metals. The gold em-
ployed was a O.005·inch 24 karat foil. 
"This half·cell i. a modification of ono shown to one of the Buthors by Dr. L. M. 
Christensen of Lincoln, Neb" at tho time (1929) he was employed by Commer· 
cial Solvents at Terre Haute, Ind. No reference to the original design (8 pili ti'num 
wire fused into tho sille of the test tube section, about 1 cID. from the closed end, 
with a loop on the outside) has been found in the literature. The calomel llBlf· 
cell is a modification of that presented by Schollenberger (12). 
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HYDROGEN ELECTRODE 
The Bailey (3) hydrogen electrode was used with the potentio. 
meter and galvanometer described for laboratory use with the quin. 
hydrone electrode. THe ground joint of the H.type calomel half· 
cell was placed through a large three·hole rubber stopper, into 
saturated KCl in a short section of a 2·inch test tube. Two satur· 
ated KCl·agar (5 percent) bridges were inserted into the other 
two holes. One bridge was used with the Bailey electrode, the other 
with the quinhydrone electrode. Many checks indicate that identical 
pH values are· obtained with the latter when first the ground glass 
bridge and then the agar bridge are employed. The responses with 
the ground glass bridge are more sensitive than those with the 
agar bridge. The ground glass bridge of this type of calomel 
half·cell did not function with the Bailey electrode since it could 
not be inserted satisfactorily into this electrode. 
GLASS ELECTRODE 
A Coleman, model 15, industrial pH tester was selected as the 
instrument sold at a price that would be within the means of the 
average creamery. It was considered as rugged as any similarly 
priced models. 
METHODS 
PREPARATION OF REAGENTS AND CALOMEL HALF·CELL 
BUFFER SOLUTIONS 
Standard buffers were made in accordance with the directions 
compiled in table 1. These data are based on methods for the 
preparation of standard buffers reported by Clark and Lubs (5). 
The O.IN NaOH was prepared from 60 percent NaOH solution 
(centrifuged to remove carbonates) and recently boiled, twice·dis· 
tilled water. Other solutions were made from Merck reagent chemi· 
cals and recently boiled, twice·distilled water. Chloroform, toluene 
and thymol have all been used as preservatives for buffers. Thymol 
yields the best results. Chloroform and toluene seem to "poison" 
the Bailey electrode, and chloroform appears to cause the buffers 
to become slightly more acid as they age. 
INDICATOR SOLUTION 
Bromthymolblue (0.25 gm.) was dissolved by trituration in a 
section of a wide test tube with 4 .. 0 ml. of O.IN NaOH. This 
solution was made to 500 ml. with recently boiled, twice·distilled 
water. 
QUINHYDRONE 
Quinhydrone was prepared by the method of Biilmann (4), 
except that the quinhydrone was ground to a fine powder in a 
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glass mortar. Commercial preparalions do not function as satis-
factorily as those prepared in the laboratory. This apparently 
results from the coarseness of the commercial preparations. Of 
the commercial products used, the one that most closely approxi-
mated that prepared after Biihnann (without grinding) is sold by 
the Eastman Kodak Co. 
CALOMEL HALF-CELL 
This half-cell is assembled in the conventional manner (fig. 2, 
sketch 1). The mercury used had been washed by means of a 
mercurous nitrite-nitric acid column and had then been twice· 
distilled. Electrolytically prepared calomel was washed from 6 to 
10 times with twice-distilled water to remove any mercuric chloride. 
Reagenl grade KCl was twice crystallized from redistilled water. 
PREPARATION OF nUTTER SERA 
LABORATORY METHOD 
Butter (3 oz.) was melted in 4-ounce jars with screw caps for 
1 hour at 60° -+- 3°C. and was centrifuged in these sample jars 
for 5 minutes at 1,500 r.p.m. The bulk of the fat was poured off, 
the residue was transferred to ShaW-lest separatory funnels and 
was again centrifuged for 5 minutes at 1,500 r.p.m. A 3 mm. 
diameter glass rod with a right angle bend (0.5 inch short arm) 
at one end, was used to redistribute the curd throughout the serum. 
The bent end was placed below the fat layer and the rod was 
rotated at such a ralc that the curd layer, just below the fat, was 
mixed into the serum, but not vigorously enough to emulsify the 
fat. The straight end of the rod was then used to Tedistribute that 
portion of the curd which packed into the bottom of the separatory 
funnel. The serum, when completely mixed, was rUn from the 
separatory funnel at a rapid, drop wise rate. During its removal 
the serum was stirred slowly in a rotary manner to prevent its 
sticking to the sides. of the Shaw-test separatory funnel. When 
laboratory temperatures are low the samples should be warmed 
again after the bulk of the fat is removed but before I.hey are 
transferred to the separatory funnels, because the most nearly 
quantitative separation occurs when the fat is liquid. 
Hunziker, Cordes and Nissen (7) reported thal separatory funnels 
could not be employed for the separation of fat and serum. Ex-
perience in this laboratory indicates that their contention is cor-
rect if the usual Squibb-type centrifuge, separatory funnels are 
employed. The reason for this is that the diameter for a con· 
siderable distance above the stopcock is very small, and once the 
curd packs into this space it is virtually impossible to reincorpor-
ate it. The Shaw-test centrifuge funnel has parallel sides to within 
25 mm. of the stopcock. The rate of decrease in diameter within 
this 25 mm. distance is uniform; the funnels reduce from 35 mm. 
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to 10 mm. o.d., and consequently the curd is not trapped in such 
a manner that it cannot be reincorporated easily. 
FIELD METHOD 
The samples were heated in the 4.·ounce jars for 1 hour at 
60' ± 3'C. The bulk of the fat was poured off, the curd was 
reincorporated into the serum with the bent stiring rod previously 
described, and the samples were cooled to room temperature by 
setting the sample jars in a shallow pan of water adjusted to room 
temperature. The fat did not solidify during the time necessary 
to cool the samples. If the curd separated during cooling, it was 
reincorporated before the serum was withdrawn. Pieces of glass 
tubing 8 in. long and 5 mm. in diameter were used to pipette 
the serum into the electrode. Any fat adhering to the outside 
surface of the tube was wiped off with cleansing tissue, and 
fat droplets within the tube were expelled from the lower end 
or allowed to rise to the surface of the liquid hefore the serum 
was transferred to the test·tube type quinhydrone electrode. 
COLORIMETRIC pII DETERMINATION 
CREAM 
Difficulties in this determination were encountered with regard 
to the turbidity resulting from the fat, the color of the fat and 
the salt error introduced by different acid-reducing agents. Dilu-
tions that were found most satisfactory are: 
Acid reducing agent(s) 
Volume of cream 
Volume of water 
"Soda" 
types 
1 
55 
Dolomitic 
"limes" 
1 
25 
Calcium "Soda" and 
"limes" "lime" 
1 1 
20 55 
Color standards were prepared with nine drops of distilled 
water, one drop of the desired buffer and one drop of indicator. 
Ten drops of diluted cream sample and one drop of indicator 
were used for the pH determination. The pH value of the buffer 
and the sample number were marked on the color reaction plate as 
shown in fig. 1, 4. Best results were obtained if the diluted 
buffers and creams (or butter sera) were placed on the plate, 
thoroughly mixed, the indicator added, the liquid again mixed 
and the colors matched immediately. The colors could be matched 
to 0.1 pH unit. 
BUTTER SERUM 
Approximately 1 ounce of butter was melted (60'C. water bath) 
in a 35 m!. screw-capped specimen vial (height 95 mm., diam. 
27 mm.) fig. 1, 6, and was centrifuged in a Babcock centrifuge 
for 3 minutes.· The clear serum was removed with a medicine, 
dropper. Fat adhering to the outside of the medicine dropper 
was removed with a cleansing tissue. Any fat within the dropper 
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was either forced out of the tip or was allowed to rise to the sur-
face of the liquid_ One drop of fat-free, clear serum was added 
to nine drops of distilled water for the pH determination. The 
indicator was added, the solution thoroughly mixed and the colors 
matched immediately. 
PRECAUTIONS TO BE OBSERVED 
1. The color standards should be remade every 15 minutes 
because they are stable only for 15 to 20 minutes. 2. Cream 
samples darken rapidly and should be read as quickly as possible. 
3_ Ammonia leaks make it impossible to use the method; am-
monia dissolved in buffer and indicator solutions necessitates new 
solutions. 4. Fat in butter serum causes a pH value that is too 
low. 5. All standard buffers and samples for a given series 
should be prepared on the color reaction plate at the same time, 
but no indicator should be added. When all samples are com-
pleted except for the indicator, it should be added to all samples 
as nearly at the same time as possible. They should be mixed 
quickly and the colors compared immediately. 6. The solutions 
should be kept in a cool place and should be renewed every 6 
months' or more frequently if molds appear. 
ELECTROMETRIC pH DETERMINATION 
QUINHYDRONE ELECTRODE 
The test-tube-type electrode was kept in chromic acid cleaning 
solution when not in use. Before using, it was rinsed with warm, 
followed by cold tap water and then with distilled water. The 
electrode was allowed to stand 15 to 20 minutes filled with 
O.IN NaOH. The NaOH was rinsed from the electrode with tap 
and distilled water and it was ready for use. 
About 0.1 gm. of quinhydrone was added by means of a small 
glass dipper, the solution was added to within 1· cm. of the top 
(for all materials except cream), the thumb was placed over the 
open end and the electrode was shaken 60 times to saturate the 
solution with quinhydrone. With cream samples, the quinhydrone 
was placed in the electrode, distilled water was added to the top 
of the glass collar around the platinum wire,· and the electrode 
was shaken 10 times. Cream was added to within 1 cm. of the 
top of the electrode, and the electrode was shaken 50 to 60 times. 
The ground glass junction of the calomel half-cell was placed in 
the quinhydrone electrode, the wire from the potentiometer was con-
nected and the voltage was read. The bare copper wire may be 
inserted into the platinum loop or the connection may be made by 
means of a small alligator clip at the end of the potentiometer 
wire. The clip works best when the sharp teeth are filed about 
half way to their bases. The quinhydrone elcctrode is placed in 
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an auxiliary clamp, and the ground Jomt of the calomel half-cell 
is washed with distilled water and dried. The temperature of the 
contents of the quinhydrone electrode is measured with a ther-
mometer. If the electrode is held in the hand it must be grasped 
above the solution level to prevent heating. 
All voltages were converted to pH values at 25°C. by tables 
(1· temperature and 0.05 pH unit intervals) prepared from the 
equation presented by the Leeds and Northrup Co. (9): 
H _ V + 0.4529 + 0.00002t 
P - 0.000l.9832T 
in which V = measured E.M.F. in volts, t = ·C. and T = 273.1 + t. 
The electrode system and potentiometer set .were checked against 
a standard buffer before and after each series of measurements to 
assure that the set was functioning properly. 
The test-tube type electrode was cleaned between measurements 
by rinsing with warm, then. with cold tap water and finally with 
distilled water. 
HYDROGEN ELECTRODE 
The Bailey electrode was coaled with 'platinum black by elec-
trolyzing in a 0.5 percent solution of platinic chloride until the 
gold foil was just blackened. The electrode was saturated with 
hydrogen before each series of runs by electrolyzing for 2 minutes 
in 10 percent H.SO.. One dry cell (1.5 volts) was used as a cur-
rent source in both cases. 
Tank hydrogen was washed by bubbling through potassium 
stannite and freed of entrained materials by passing it through 
towers of soda-lime and P.O,. The potassium stannite was prepared 
by pouring 250 gm. KOH solution (20 percent) into 35 gm. SnCh 
solution (30 percent) with constant stirring. 
The electrode was washed with warm, followed by cold tap water 
and then with distilled water. The electrode and sample were 
shaken with hydrogen for 2 minutes before a reading was taken. 
The' voitage was measured and the temperature taken as for the 
quinhydrone electrode. Voltages were converted to pH values at 
25°C. by the tables (saturated calomel half-cell) of Leeds and 
Northrup (9). 
CLASS ELECTRODE 
The set was standardized against a pH 4.10 buffer and operated 
according to directions furnished with the instrument. The most 
satisfactory results were obtained when at least 15 to 30 seconds 
were allowed for the electrode to reach equilibrium. 
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NITnO:;EN DETrnMINATIONS 
The Kjeldahl-Gunning method was used in accordance with the 
directions of the Association of Official Agricultural Chemists (2), 
except that samples were weighed in Mojonnier pipettes on a 
Torsion moisture halance_ The sensitivity of the balance was 30 
mg. Duplicate determinatiolls checked within 0.1 percent protein. 
RESULTS 
pH MEASUREMENTS BY THE QUINHYDRONE AND 
HYDROGEN ELECTRODE'S 
RESULTS WITH f'OUR DAIRY PRODUCTS 
Data for five samples each of milk, cream, butter serum and 
whey are presented in table 2. The agreement between the Bailey 
and test-tube type quinhydrone electrodes is indicated by the fol-
lowing summary: 
lIIilk Cream Butter serum Whey 
lIIaximum di'fference 
(in pH units) 0.03 0.10 0.09 0.04 
Average difference 
(in pH units) 0.01 0.07 0.03 0.01 
These data indicate that the electrode of the design shown will 
yield satisfactory pH determinations for dairy factory control 
work. The greater differences encountered with cream undoubtedly 
result from reaction between the quinhydrone and fat as will be 
shown later. . 
CHANGE IN pH WHEN SAMPLES ARE DILUTED WITH WATER 
CREAlII 
Two samples of cream, one sweet and one with reduced acidity, 
were diluted with distilled water. The dilutions ranged from 0 to 
50 percent water by volume at 10 percent levels. The creams were 
added directly to the quinhydrone to which no water had been 
added. The results are presented in fig. 3, graph 1. The dilution 
increased the pH in both cases, with both electrodes. The rate . 
of increase with dilution was slightly greater wilh the quinhydrone 
than with the hydrogen electrode. 
The effect of dilution was of interest because the wetting of 
quinhydrone with water before the addition of cream does involve 
dilution. For the test-tube type electrode of the dimensions speci-
fied and with the method recommended, the volume of water and 
the total volume of liquid in the electrode are respectively 0.45 ml. 
and 3.65 ml. The dilution involved is, therefore, between 12 and 
13 percent by volume. The increases in pH with sweet cream 
and cream with reduced acidity were 0.03 and 0.05 pH unit, re-
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spectively, for this amount of dilution. This error is not important 
for factory control methods. 
BUTTER SERUM 
Portions of the non· diluted creams described above were churned 
and the sera were obtained from the resulting butters .. These sera 
were diluted in the same manner as were the creams, and the pH 
values were determined. The data indicate a more rapid rise in 
pH with dilutions for butter serum than for cream. This is of 
no particular importance from a practical standpoint since butter 
serum is nol viscous and need not be diluted for the pH determina-
tion. 
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ANALYSIS OF ACID.REDUCING AGENTS EMPLOYED 
A variety of acid· reducing agents is offered to the trade under 
proprietary names. The same chemical or mixture of chemicals 
may be sold under several names. For this reason, chemicals that 
would be representative of the various classes of acid-reducing 
agents were employed in this study. The percentage of the im-
portant constituents of each chemical or chemical mixture is shown 
in table 3. One chemical, viz. sodium hydroxide, was not analyzed. 
In this case a 76 percent commercial flake caustic was employed. 
pH ~EASUREMENTS BY THE COLORIMETRIC AND QUINJIYDRONE 
ELECTRODE METHODS 
. CREAM-
The creams corresponding to the samples of butter serum re-
ported in table 4 were used to determine the dilution factors pre-
sented for the colorimetric method. These dilutions were then 
checked Wilh the creams, the results from which are presented in 
tables 5 and 6. These data indicate that one might expect the 
results by the colorimetric method to be higher than those by the 
quinhydrone method if part of the acid-reducing agent is added 
before and part after pasteurization (table 5). The tendency is 
the reverse to a slight degree when all of the' acid-reducing agent 
is added before pasteurization (table 6). In the majority of cases 
one would expect the result by the colorimetric method to check 
the result by the electrometric method within 0.3 pH unit. It is 
considered that most conditions and practices employed in re-
ducing cream acidity in the butter factory are covered by the 
data of tables 5 and 6. 
It was stated previously that the pH of cream can be con-
trolled satisfactorily by the titratable acidity if the acid-reductant 
and the relationship between pH of butter serum and cream acidity 
are known. The necessity for knowing the cream pH is, therefore, 
not acute. The method outlined will, however, afford the means of 
estimating the pH of cream if it is desired. 
BUTTER SERUM 
COLORlIllETRIC AND QUiNIlYDRONE ELECTRODE METHODS 
The data for the quinhydrone and colorimetric pH comparisons 
are presented in tables 4, 5 and 6 and are summarized in table 7. 
These data again represent most of the types of common acid-
reducing agents and methods of adding them to cream. They like-
wise indicate (table 6) that the method is applicable under fac-
tory conditions. 
The majority of the colorimetric pH determinations of these 
sera agreed with those determined by the quinhydrone method 
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within 0.20 pH unit or less. The data of table 7 indicate that aver-
age values by the two methods agreed within 0.13 pH unit or less. 
It is considered, therefore, that the colorimetric method can be used 
to considerable advantage by the small plant. Much better pH 
control of butter would result from such usage if charts were kept 
of cream pH values plotted against the titratable of acidity of the 
cream at the time of churning. The relationshi p is not a fixed 
one and will vary with the season. The use of the colorimetric 
method would enable the small plant to readjust churning acidi-
ties from time to time in order to maintain the desired pH values 
in the butter. It might also be stated that the pH values by the 
colorimetric method were generally slightly lower than those by 
the quinhydrone method. 
COLORIMETRIC pH MEASUREMf;NTS RY DIFFERENT INDIVIDUALS 
The data of tables 4 and 5 which are summarized in table 8 
indicate that rather close agreement can be expected between the 
readings by two individuals with some experience in matching 
colors. In the majority of cases they can be expected to check 
each other within 0.15' pH unit, and their average values should 
check within 0.05 pH unit. 
pH MEASUREMENTS BY THE QUINHYDRONE AND 
GLASS ELECTRODE 
CHANGE IN pH WITH CHANGE IN FAT CONTENT OF CREAM 
Knudsen and Sorensen (8) and Un mack (15) presented data 
to the effect that the pH of cream is indicated as higher than that 
of the corresponding skimmilk when the pH values are obtained 
with the quinhydrone electrode. A set of values presented by 
Un mack shows the cream and skimmilk to have the same pH values 
by the hydrogen and glass electrodes. She proposed the following 
formula to correct the quinhydrone pH values for the fat content 
of cream: 
.6.pH = 0.5 log. (100-P) + 0.12 P (100-P) + 1.75 P 
III which P is the percentage fat in the product. 
Corrections calculated by this equation were applied to thc data 
of tables 1 and 4 of Knudsen and Sorenscn (8). The rcsults 
are shown by graphs 1 and 2 of fig 4, respectively. The correc-
tions brought the values for the creams of tablc ] more nearly 
equal to those of the corresponding skimmilks, and the values for 
the creams of table 4 equal to those of the corresponding skimmilks. 
A similar study of two samples of cream by the glass and quin-
hydrone electrodes is presented in fig. 5. The quinhydronc readings 
were made with the quinhydrone wet (diluted) and not wet (un-
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diluted) before the cream was added. The tendency was for the 
"cream" pH values to be progressively higher than those of the 
skimmilk as the fat percentage increased. The sample represented 
by graph 1, fig. 5, did not increase appreciably in pH up to 25 per-
cent fat with either the diluted or undiluted method. Above that fat 
percentage the pH of the undiluted samples increased at a greater 
rate. In graph 2, fig. 5, the undiluted sample showed the more rapid 
increase in pH at all fat percentages; the diluted samples yielded 
fairly constant values up to 35 percent fat in the cream. 
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When the Unmack corrections were applied to these data the 
corrected values were actually farther below the skimmiIk value 
than the uncorrected values were above it. This was shown to a 
greater degree by the diluted than by the undiluted samples. The 
explanation for this apparent anomaly is that, ,when the quin-
hydrone is wet with water, the serum is saturated with quinhydrone 
although the fat has not had time to attain an equilibrium with 
the quinone and hydroquinone components of the qllinhydrone. It 
would appear that the rapid saturation of the serum with the type 
of electrode described eliminates the greater part of the fat error, 
at least up to 40 percent fat in the cream. 
The data show that: 1. The cream measurements, when the 
quinhydrone is wet with water, check the glass dectrode more 
closely than when the cream is added directly, and 2'. very yiscous 
creams, the pH of which cannot be measured with the test-tube 
type electrode without dilution, are satisfactorily handled if the 
quinhydrone is first wet with water (graph 2, fig 5). With the 
samples represented by graph 2, fig. 5, it was impossible to measure 
the pH values when the fat percentages were greater than 45 percent, 
unless the quinhydrone was first wet with water. Similar difficulty 
with sour creams, creams with the acidity partly reduced or 
creams with the acidity reduced with lime-type agents, lead to the 
adoption of the wetting of the quinhydrone for the cream pH 
determination. 
pH VALUES OF BUTTER SERA FROM EQUIVALENT BUTTER SAMPLES, 
MELTED AT DIFFERENT TEMPERATURES AND HELD FOR DIF-
FERENT LENGTHS OF TIME AT THESE TEMPERATURES 
Two series of butter samples were heated for 30, 50, 70 and 90 
minutes. One series was heated in a 60·C. and the other in a 95"C. 
(boiling) water bath. The sera were prepared by the laboratory 
method. The pH values were determined by the glass and quin-
hydrone electrodes. The results are presented in table 9. The 
average values by the quinhydrone electrode were 0.10 to 0.15 pH 
unit higher than by the glass electrode for the various lengths of 
time of heating at both temperatures. The arithmetic differences 
between the values by the two electrodes were greater with all 
heating periods for the samples melted at 95"C. than for those 
melted at 60·C. The values by both electrodes were affected very 
little by the length of the holding time at 60·,C. The melting pro-
cedure of 60 minutes at 60·C. was adopted as a standard. It 
has been employed throughout unless otherwise, (cf. colorimetric 
method) stated. 
pH VALUES OF BUTTER SERA PREPARED BY THE FIELD AND 
LABORATORY METHODS 
Fifteen large samples of butter were well mixed and were each 
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divided into four parts. Two of these parts were heated for 60 
minutes at 60°C., the other two for 60 minutes aL 95 'C. (boiling 
water). The sera from one group of butters melted at 60·C. and 
one melted at 95°C. were prepared by the laboratory method, those 
of the other group aL each temperature were prepared by the field 
method. The pH values of all sera thus prepared were measured 
with the glass and quinhydrone electrodes. The results are shown 
in table 10. 
The pH values for sera prepared by the laboratory method were 
generally higher than those for sera prepared by the field method, 
regardless of the electrode employed (b·a, d·c, foe and h-g). Re-
gardless of the meLhod of sample preparation the quinhydrone 
electrode usually showed a higher pH value than did the glass 
electrode (c-a, d.b, g-e and h-f). The glass electrode pH values were 
usually higher for the samples heated at 60°C. than for those 
heated at 95°C. for both methods of sample preparation (a-e and 
b·f). The pH values by the laboratory quinhydrone method were 
generally higher for the samples heated at 95°C. than for those 
heated at 60°C. (d-h); the reverse was true of the quinhydrone field 
method (c-g) . The data. by the quinhydrone laboratory method 
agree rather well with the similar data of table 9; the glass electrode 
data show differences that are the reverse of those of table 9. The 
difference between the averages of the two sets of readings in tables 
9 and 10 are within the limits of the asymmetry potential errors 
(table 13). Errors of 0.05 to 0.25 pH unit may be expected between 
measurements of butler sera made by the quinhydrone electrode and 
the type of glass electrode instrument employed. 
Tables 4 and 10, which are summarized in table II, indicate that 
the laboratory method may be expected to yield a pH value higher 
than that of the field method. Only 7 percent of the values by 
the field method were higher than those by the laboratory method. 
In most cases the two methods should agree within 0.15 pH unit, 
and average values by the two methods should agree within 0.10 
pH unit or less. The consistency of the deviations between the two 
methods indicates that the field method should be acceptable for 
factory control. 
p~I VALUES OF BUTTER SERA WITH 'vARYING CURn CONTENTS 
A sample of sour cream (0.48 percent acidity) was divided into 
four lots. The acidity of two lots was reduced with sodium sesqui-
carbonate, that of the other two lots with dolomitic lime. The final 
cream acidities were: 
Sodium sesqui·carbonate 
Dolomitic lime 
Lower acidity groups Higher acidity groups 
0.11% 0.20% 
0.11% 0.23% 
Each lot of cream was pasteurized at 70' -I- 2°C. for 30 minutes, 
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Fig. 6. pH values of butter sera with varying protein percentages. 
was churned and the resulting butter was salted (2 percent salt). 
Each serum was separated into a clear and a curd portion (by 
centrifuging); and the total protein content of each portion was 
determined. Samples with varying protein percentages were pre· 
pared by combining various known weights of the dear and curd 
portions of the original serum. The protein content of each sample 
so prepared was calculated from the weights used and the protein 
percentages of the clear serum and curd portion. The pH values 
of these prepared sera were determined by the quinhydrone and 
glass electrodes. The data are presented in fig. 6. 
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The result obtained when the curd content is increased evidently 
depends on the type of agent with which the acidity of the cream 
is reduced. If lime· type acid.reducing agents are employed it 
would appear that an increased curd content causes an increase 
in the pH value with both the glass and quinhydrone electrodes. 
Increase in the curd content of the butter sera from cream, with 
which sodium.sesquicarbonate was used, does not affect the pH 
value as measured by the glass electrode and reduces the pH 
value as measured by the quinhydrone electrode. 
Some of the differences between the laboratory and field methods 
by the quinhydrone electrode may result from varying curd con· 
tent, since the curd is not as quantitatively redispersed with the 
field' method as it is with the laboratory method. Some of the 
variation between the glass and quinhydrone electrodes may result 
from varying curd content. The difference in the effect of curd 
when dolomitic lime or sodium sesqui.carbonate is used, may result 
from changes in the Ca:Na ratio, as will be shown later. 
A similar study of the effect of curd on the pH value was at-
tempted with the serum from sweet-cream butter. No results were 
obtained be:;ause it was impossible to satisfactorily separate the 
serum into a clear portion and a curd portion. 
pH VALUES OF BUTTER SERA WITH VARYING SALT CONTENTS 
The serum was removed from five samples of unsalted hUller 
made from cream of the types indicated in fig 7. Salt was added to 
yield sera with salt contents indicated by the lower abscissa figures. 
The samples were heated for 60 minutes at 60°C. after addition of 
the salt, to simulate melting procedure effects. The corresponding 
salt percentages of the butter (80.5 percent fat) are shown hy the 
upper abscissa figures. 
The pH values were determined by the quinhydrone laboratory 
method ~or three of these sera and hy both the glass and quin-
hydrone electrodes for the other two. For sera from butter made 
from cream, the acidity of which was reduced with soda-type 
acid-reducing agents (fig. 7, graphs 2 and 3), or from SWf'et cream 
(fig. 7, graph 4), the salt progressively caused a lowering in the 
measured pH as the percentage increased. A different effect is 
encountered with butters made from creams in which the acidity 
was reduced with dolomitic lime. The pH increases slightly, re-
mains relatively constant up to 3 percent salt in the hutter and 
then becomes lower when the quinhydrone electrode is employed 
(fig. 7, graphs 2 and 4). The drop in the pH values of the sera 
(hy the glass electrode) with increased salt content is retarded 
hy the presence of dolomitic lime salts (fig. 7, graph 4), hut the 
antagonistic effect of the lime salts is not nearly so marked as with 
the quinhydrone electrode. 
The data indicate that variations in pH resulting from normal, 
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Fig. 7. pH values of butter sera with varying salt percentages. 
commercially. requested salt percentages (1.0 to 2.5) in salted 
butters would be from 0.10 to 0.15 pH unit for sweet-cream butter 
and butter from cream, the acidity of which was adjusted with 
soda.type acid-reducing agents. Deviations for similar salt varia-
tions for butters from creams adjusted with dolomitic lime would 
be negligible if the measurements were made with the quinhydrone 
electrode and from 0.10 to 0.15 pH unit if the measurements 
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for the same butters were made with the glass electrode. 
The effect of adding salt is to increase the volume of the butter 
sera (fig. 7, graph 1). Dilution would increase the pH of the 
serum. The dilution effect of salt should, therefore, oppose its 
"salt" effect. The amount of dilution is small in the commercial 
salt percentage ranges, and the dilution effect should be negligible. 
These data indicate that it would be necessary to know the elec-
trode system employed if interpretation of pH data for butter sera 
by different individuals in different laboratories is possible. The 
quinhydrone and hydrogen electrodes checked well with a few 
miscellaneous salted butler samples (table 2). The data of fig. 7, 
graph 3, indicate that one might expect differences of 0.10 to 0.15 
pH unit between the glass and quinhydrone electrodes with salted 
butter sera if soda-type acid-reducing agents had been employed, 
and differences of 0.20 to 0.35 between these electrodes with salted 
butter sera if dolomitic lime-type acid· reducing agents had been 
employed. The differences between these electr;odes for unsalted 
butter sera were about 0.08 pH unit, regardless of the type of acid-
reducing agent. 
pH VALUES OF CREAM AND OF BUTTER SERUM BY THE GLASS AND 
QUINHYDRONE ELECTRODES AT DIFFERENT ACIDITY LEVELS WHEN 
SODA-TYPE AND LIME-TYPE ACID· REDUCING AGENTS ARE EMPLOYED 
The apparent effect of the Ca :Na ratio, to which reference was 
made earlier, led to this experiment. A sample of cream was ripened 
to 0.70 percent acidity and was divided into 12 portions. The acidi-
ties of six of these were reduced with sodum sesqui.carbonale, those 
of the other six with dolomitic lime. The range of acidities in the 
resulting creams after pasteurization was from <0.10 to about 
0.65 percent. Each of the 12 lots of cream was pasteurized, after 
the acidity was adjusted, at 70·C. ± 2·, for 30 minutes. pH values 
were measured with the glass and quinhydrone electrodes. Acidi-
ties were determined by titrating 9.gm. samples with O.IN NaOH 
using phenolphthalein as the indicator. The results are shown in 
fig. 8. 
The glass electrode values were higher in all cases but one (the 
most acid cream) when dolomitic lime was employed as the acid-
reducing agent. The tendency for the glass electrode values to be 
lower than those by the quinhydrone electrode was shown in the 
medium acid ranges when sodium sesqui-carbonate was used as 
the acid-reducing agent. The differences between the pH values 
of the two creams at the same acidities are less than 0.05 pH 
unit for the 0.2, 0.3, 0.4 and 0.5 percent acid points read from 
the curves for the quinhydrone electrode. The differel1~es for the 
same acidity points for the glass electrode range from 0.1') to 
0.50 pH unit. This behavior raised the question as to whtther 
or not the Ca:Na ratio of the cream or butter serum '!etermined 
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Fig. 8. pH values of cream. by the glass ami 'luinhydrone electrodes, when 
lime and soda types of acid-reduci'ng agents were employed. 
which electrode would yield the higher pH value. 
In order to obtain information relative to this point a large 
sample of sour cream was divided into two portions. Eaeh portion 
was divided into six lots. The acidity of one group of six lots 
was redueed with sodium sesqui-carbonate, that of the other group 
with dolomitic lime. Each lot of cream was churned, and the butter 
was divided into two portions, one of which was salted; the other 
was worked unsalted. Sera from these butters were prepared 
by the laboratory method. The pH value of eaeh serum was de-
termined by the glass and quinhydrone electrodes. The data are 
shown in fig. 9. A similar run made about a year later yielded 
essentially the same result. 
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Fig. 9, graphs 1 and 2, indicates that: 1. In the high acid (low 
sodium salt concentration) region, the glass electrode pH values 
are higher than those by the quinhydrone electrode. 2. At some 
point in the curve (as sodium salL concentration increases) the 
pH as measured by the glass electrode becomes and remains lower 
than that by the quinhydrone electrode. From this, it would be 
expected that the pH value by the glass electrode would be higher 
thaJ~ that by the quinhydrone electrode, if the sodium salt concen-
tration was not changed and the calcium ion concentration was 
increased. Fig. 9, graph 3, shows that this is the case. Both these 
sets of conditions indicate that the ea:N a ratio of the serum 
determines which electrode will yield the higher pH value for a 
given sample. 
Two facts shown by fig. 9 are not in accord with the reason· 
ing presented above, viz. 1. The addition of salt does not cause 
the sodium sesqui-carbonate curves to cross in a more acid regio:J 
in fig. 9, graph 2, than they do in fig. 9, graph 1., 2. The glass 
electrode values are not higher in the low acid region and lower 
in the high acid region of fig. 9, graph 4. 
The data of fig. 7, graphs 3 and 4, indicate that at low acid con-
centration: 1. The "salt errors" with butter sera, with which 
sodium sesqui-carbonate was employed, are of the same general 
nature and largely to the same degree for both the glass and quin· 
hydrone electrodes. 2. These errors are not alike either as regards 
kind 01' degree for butter sera with which dolomitic lime was em-
ployed. If these same general conditions applied qualitatively as 
regards "salt errors" with the glass and quinhydrone electrodes 
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as the pH of the butter serum decreased, it would explain the 
anomalies outlined in the preceding paragraph. To check this, 
curves were drawn for the two sets of data, of which one is pre-
sented in fig 9. The pH values for the butter sera were read from 
these curves at 0.1, 0.2, 0.3, 0.4. and 0.5 percent acidity in the 
cream. At each of these acidity points the difference in pH be-
tween the unsalted and salted butter was determined. These dif-
ferences {"salt errors"} are plotted against cream acidity in fig. 10. 
Fig. 10, graph 1, shows that the "salt errors" decrease with increas· 
ing acidity for the glass electrode and increase with increasing acidi-
ty for the quinhydrone electrode for butter sera in connection with 
which dolomitic lime has been employed. The differences between 
these errors are greater than those which have been attributed to 
ea :Na ratio, and since they are in different directions for the 
two electrodes they indicate the reason for the inverse relationship 
of the glass and quinhydrone pH values in fig. 9, graph 4. The 
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differences between the errors for the two electrodes are in the 
same direction, and in most cases the differencs between the two 
sets of errors are fairly constant when sodium sesqui.carbonate had 
been employed. For this reason the acidity at which the curves 
cross in fig. 9, graph 2, is essentially the same as that at which they 
cross in fig. 9, graph l. 
It would appear, then, that the Ca:Na ratio of the serum does 
determine which electrode will give the higher pH value. Except 
in fig. 9, graph 4, the glass electrode yields a higher pH value 
than the quinhydrone electrode when the Ca:Na ratio is high 
and a lower pH value than the quinhydrone electrode when this 
ratio is low. The anomalous b~havior of fig. 9, graph ·4, has been 
explained above . 
. pH VALUES BY THE GLASS ELECTRODE AT DIFFERENT TEMPERATURES 
Some measurements with samples at low temperatures indicated 
that the pH might be affected by temperature when the Coleman 
industrial pH meter is used. Consequently the data of table 12 
were obtained. They indicate that for normal room temperature 
fluctuations (20· to 30·C.) the temperature correction devices in-
corporated in the set function satisfactorily. 
ASYMMETRY POTENTIAL CHANGES OF THE GLASS ELECTRODE 
Difficulty was encountered with some butter sera when the pH 
values were measured by the glass electrode. In these cases it was 
found on checking against the reference buffer that the asymmetry 
potential of the electrode had changed. To obtain an idea of the 
magnitude of these changes, five samples of butter were studied. 
These were well mixed, divided into portions and the individual 
portions treated as indicated in table 13. The T., B., Bal. and 
asymmetry potential adjustments were made against a pH 4.1 
buffer, the pH values of the four portions of a sample were 
read, the adjustments against the buffer were again made, al}d 
the samples were re·read. The data of table 13 indicate that 
variations from 0 to 0.2 pH unit were found and that variations 
of 0.1 to 0.15 unit were common. These variations (0.1 to 0.15 
unit) are two and three times the precision with which the scale 
of the instrument can be read. They may account for a con-
siderable portion of the variation encountered between the glass 
and quinhydrone electrodes. 
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TABLE 1. PREPARATION OF BUFFER SOLUTIONS. 
MI. 0.1 molar 
pH desired MI. N/10 NaOH mono-potassium to dilute with boiled 
\ Total volume to which 
phosphate distilled water (mI.) 
6.00 '1 28.50 250.0 1 500.0 
6.50 1 75.00 250.0 1 500.0 
6.75 1 110.00 l!50.0 1 500.0 
7.00 1 148.15 250.0 1 500.0 
7.25 1 181.20 250.0 1 500.0 
7.50 1 206.20 250.0 1 500.0 
1\[). 0.1 molar 
pH desired 
:1 1\[). N/10 NnOH acid potassium to dilute with boiled 
\ Total volume to which 
phthalate distilled water (mI.) 
4.10 1 9.80 250.0 1 500.0 
TABLE 2. pH VALUES OF FOUR DAIRY PRODUCTS BY THE (BAILEY) 
HYDROGEN AND THE QUINHYDRONE ELECTRODES. 
S I 1 l'tlilk 1 Cream 1 Butter serum 1 Whey 
n::::~e~ \ Hydro- I Quin- 1 Hydro· I Quin· 1 Hydro· I Quin- 1 Hydro- I Quin-
gen hydrone g~n hydron. gen hydrono gen hydrone 
1. 1 6.58 1 6.59 1 4.66 1 4.75 1 7.24 1 7.26 1 fl.31 1 6.27 
2. 1 6.60 1 6.60 1 6.61 1 6.68 1 6.42 1 6.51 1 4.67 1 4.65 
3. 1 6.58 1 6.61 1 6.48 1 6.45 1 7.25 1 7.27 1 6.00 1 6.03 
4. 1 6.58 1 6.59 1 4.80 1 4.84 1 7.13 1 7.14 1 6.11 1 6.09 
5. 1 6.63 1 6.61 1 6.36 1 6.46 1 6.66 1 6.64 1 6.20 1 6.16 
Av. 1 6.594 1 6.600 1 5.782 1 5.836 1 6.940 1 6.964 1 5.858 1 5.850 
TABLE 3. C01\[POSITION OF ACID-REDUCING AGENTS El't[PLOYED. 
Type of acid 
reducing agent 
Calcium lime 
Dolomitic lime 
Sodium sesqui·carbonate 
Sodium carbonate (tecbnical 
grade) 
I \ \ \ \ % CO. calc. I % CO. by I % % % % from volu· \gravimetrlc CaO lIfgO Na2CO. NaHCO. metrre anal. analysis 
191.301 4.501 1 1 I 
158.80141.301 1 1 1 
I ........ 1 .... ····1 47.22 1 36.89 1 38.93 1 38.95 
I ...... --'-.... J 90.57 I 2.39 I 38.84 I 38.89 
Sodium carbonate + sodium I I I I I I bicarbonate (fus.d mixture) ................ 55.06 34.56 40.86 40.77 
TABLE 4. pH VALUES OF BUTTER SERA BY THE COLORIMETRIC* AND QUINHYDRONE ELECTRODE METHODS. 
Acid-reduci'ng agent employed (added completely before pasteurization) 
Fused mixture 
RUII NaOH Na.CO. Na·sesqui·carbonate NaHCO. + Na.CO. Dolomitic lime Calcium lime 
No. I I Qulnhydrone I Durerence -I ~~I Qulnhydrone I DlfCerenco I I Qulnhydron. I Duror.nce I I Qulnhydronel Dilierenco I I Qulnhydrone I Durerenco I I Qulnhydrone I DlfCeronoe 
Color I Field I Lab. I I I Color I Field I Lab. I I I Color I FIeld I Lab. I. I I Color I Field I Lab. I I I Color I Flold I Lab. I I I Color I Field I Lab. I I 
a I b I c I a-C cob I d I 0 I f I do! f-e g I h I I I _ g~-, j I_It I 1 I H 1-1< min I 0 I m-o o-n I p I q I r i p-' r-q 
-I 6.90/" 6.90/ 7. 02/"=.121' .121 6. 901 6. 901 6.941-.041 •041 6. 951 7. 041 7.121~-:171-~081----s:9il1 6. 801 6.88\+.021 .OS\ 6.S0 _.22 6.70 _.24 6.S0 -.32 6.70 -.18 
---- -----
2 -I 7.10/ 1-:-33/-061-.361 .131 6. 901 7.041 1.141 .241 .101--6-:1151 1.18 / 1.~51-:-3°1 .()71 6.901 7.10/ 7.19/-. 291 .091 7.20 -.26 6.85 _.29 6.90 _.35 6.75 -.44 
~~--- ---
-I 6.90/ 6~S11-"6.941-·041 .071 7.0QI 7.2Y---/ 7.351-.351 •141 6.901" 6. 851 6.951-.051 .101 7.501 7. 531 1.62/-.12/ •091 6.80 -.14 1.00 _.35 6.80 _.15 7.30 -.32 
------ --- --- - .. _------"---
4 -I 6.95/ 6. 971 7. 061-.11/ .09/ 6.S01 6. 961 7.05/-. 251 •091 6. 951- 7. 091 7.371-.421 .281 6. 801 6. 921 7.031-:231 .111 6.90 -.16 6.80 _.25 6.00 -.47 6.75 -.28 
----- -- ---
-I 6.8"01- 6.861" 6.91 /-.111 .051 .6.S0-1" -6.771 6. B31-·0SI •061 6.10/- 6.90/ 6.96/-.26/ .061 6.751- 6. B61 6.951-.201 •091 6.90 -.01 6.BO _.03 6.75 _.21 6.75 -.20 
6 6.90/ 7.061 7.16/-.26/ .10/ 7.001 7.13/ 7.16/-.161--:031 7.10/ 7.14/ 7.20/-.Hi/ .061 1.00/ 1.14/ 7.19/-.19/ .05/ 6.90 -.26 1.00 -.16 7.10 -.10 7.00 -.19 
7.00/ 6.841 6.9SI+07/ .09/ 6.951 6.B9/ 6.95/ .001 .061 7.001 6.991 7.021-.021 .031 1.00/ 7.01/ 7.061-.061 .051 6.95 +.02 6.85 _._10~ __ 6.90 -.12 6.90 -.16 
/ 7.10/ 7.041 7.081+.02/ .04/ 6.85/ 6.781 6.871-.021 .091 7.00/" 6.98/-7.05/_.05/ .07/ 6.80/ 6.84/ 6.90/-.10/ .06/ 7.05 -.03 6.85 _.02 7.00' -.05 6.90 .00 
7.00-/ 7.03/ t~03/-=.03/ .001 6.95/ 6.8BI--6:921+03/ .04/ 7.00/ 1.05/" 7.09/-.09/ .04/ 6.90/ 6.B6/ 6.901 .001 .041 
7.00 -.OS 6.B5 -.07 7.00 _.09 6.75 -.15 
10 / 7.15/ 7.201 7.21/-.061 .01/ 6.951 6.991 1.06/_.11/ .071' 6.90/ 6.88/ 6.94/_.04/ .06/ 6.95/ 6.95/ 7.02/-.07/ .07/ 1.15 -.06 6.90 _.16 6.85 -.09 6.95 -.07 
- _._---
11 / 7.201 7.2B/ 1.S31-·13/ .05/ 6.BOI 6.-791 6.B61":'::061 .0716:-801 6.751 6.82/ .021 .07/ 6.75/ 6.69/ 6.74/+.011 .051 
7.20 -.lS 6.75 -.11 6.85 1 +.03 6.65 -.09 
12 1 6.85 1 6. B71 6.90/-. 051 .031 7.001 7.06/-7:11"1-.111 •051 7~01 7.021 7. 10/ .101 .OBI 7.10/ 7.04/ 7.13/ 'OSI •091 6.BO _.10 7.10 _.01 7.00 _.10 7.10 -.03 
IS 6.90\ 6.B61 6.921 .021 .061--6.751 6.6BI 6.71\+:041 .03\ 6.BO\- 6.12\ 6.80\----:-00\ .OBI 6.951 6.99\ 1.06/ .1l~1 
6.90 I _ 1-.021 I 6.751 I +-04 6.85 +.05 6.90 _.161 
14 I 6.901 6.861 6.9SI .031 .071 6.901 -6:881 6.951-.051-.0SI----r.DO/ 6:941 1.05/ .05/ .111 6.93/ 6.85/ 6.91\ +.04/ .06/ 
I 6.901 I I-·OSI I' 6.901 I 1-.051 r 7.00 I -.05 I 6.B5 [-.06 
7.401 1.32/ 7.401 .001 
1.50 +.10 
7.10-/.6.97/-7:06/+.041 
1.10 +.04 
6.90/"- 6.S1/ 6.93/ ~~03/ 
6.80 -.13 
1.60/ 1.59/ 7.63/-.031 
7.60 -.OS 
6.15/ 6.7SI 6.B41-·091 6.90 +.06 
7.10/- 1.01/ 7.19/':"'--:-091 
~10 -.09 
7.00/ 6.81/ 6.901 +101 
7.00 +.10 
6.95-/- 1.19/ 7.231-.2B/ 
7.00 -.23 
6.951 6.991 7. 021-.07 1 6.90 . -.12 
7.20/ 1.30/ 7.24/_.04/ 
7.05 -.19 
6.95/- 6.90/ 6.95/-.00/ 
6.95 .00 
7.10-/ 7.271 7.2BI--.1BI 
7.00 -.28 
7.15-1 -i:261---r:2B/-.13/ 
7.15 -.13 
6.901 6.Bl/ 6.87/ +.03/ 
6.851 -.02 
Average-I 6.981 \ I-·OBI I 6. 901 I \-.091 / 6. 931 I \-.12\ \ 6.94\ \ \_.101 \ 7. 071 / 1-.06/ 6.96 6.99 _ 7.06 _-!0---"07 __ 6.86 ~2....JI.9o. -.E._.07 6.911---".971 7.05 _.14 .08 6.B7 6.91 7.04 -.I'lL .07 1.06 7.07 7.1S -.07 
.081 6.201 6.41/ 6.541_.341 .01 
6.30 -.24 
.09/ 6.95/ 6.83/ 6.81/ +.081----:-64 
6.90 +.OSI 
.121 7.001 6.96/ 6.981 +-021 .02 6.90 -.OS 
.041 7.50/ 7.25/ 7.281 +-22/ .03 
7.40 +.12 
.111 6. BOI 6. 651 6.671 +.lSI .02 6.90 +.23 
.18/ 7.00/ 7.08-/ 7.16/-.16-/ .08 ~ 
6.90 -.26 00 
.091 7.001 6. 651 6.741 +.26/ .09 6.90 +.16 
.04/-7:401 7.26/-1~20J +20/-.06 
7.40 1+.20 
.03/ 7.101- 6.901 6.921+181 .02 
7.00 +.08 
.06/ 7.20/- 7.27/ 1.3i/-.11/ .04 
7.10 -.21 
.05/ 7.101 6.961 6.961 +.141 .00 
1.15 +.19 
.01/~1 1:-2B/ 7.2SI+·27/-.05 
1.40 +.17 
.02/ 7.40/ 1.47/ 7.40/ .00/-.07 
1.40 .00 
.06/ 7.20/ 7.09/ 7.04/+--:-16/_.05 
1.20 +.16 
/ 7.101 / / +08/ 
.06 7.06 _7.01 7.02 +04 .01 
"In all cases the upper colorimetric reading wa9 by individual "A," the lower by individual "B." Readings were made independently. 
TABLE 5. pH VALUES OF OREAM AND BUTTER SERA BY THE OOLORIMETRIO* AND QUINHYDRONE** ELEOTRODE METHODS. 
Acid-reducing agent employed_ (Agents marked + added partly before Ilnd partly after pasteurization; others added completely before pasteurization.) 
Run 
No. Dolomitic lime + NaOH + 
2 
4 
Average I 
Color hydrone ence Color hydrane eoce Color 
'
QUID-I Ditter· I I QUiD' ,Differ" 
a b a-b d c·d 
6.80 
6.85 
6.95 
6.95 
7.00 
1.10 
6.55 
6.70 
6.65 
6.65 
1.10 
1.15 
6.80 
6.90 
6.95 
6.95 
6.85 
6.91 
6.86 
6.71 
6.71 
6.58 
6.57 
6.56 
6.47 
6.45 
6.61 
•
06 1 
-.01 
.24 I 
.24 I 
.29 ! 
.39 I 
.03 I 
.12 I 
.OS I 
.08 I 
.54 \ 
.59 
.33 I 
.43 I 
.50 \ 
.50 
.24 I 
.30 I 
6.95 
6.95 
1.15 
7.15 
7.10 
7.00 
6.90 
6.90 
6.80 
6.10 
7.35 
7.30 
7.05 
7.05 
7.05 
7.05 
7.04 
1.01 
7.02 
6.80 
6.75 
6.91 
6.72 
6.68 
6.72 
6.57 
6.77 
.01 I 6.75 
_.07 I 6.70 
.35\ 
.35 
.35 I 
.25 I 
.01 I 
_.01 
.08 \ 
-.02 
.67 I 
.62 
.33 \ 
.33 
.48\ 
.48 
.27 I 
.23 
6.85 
6.90 
6.85 
6.90 
6.60 
6.65 
6.85 
6.75 
1.10 
1.15 
6.90 
6.95 
0.65 
6.70 
6.82 
6.84 
Na·sesqui· I Dolomitic lime and I NaOH and I 
Na200a+ cabronate+ I Na·sesqui·carbonate I Na·sesqui·carhonate I 
I QUiD' ., Dlff'i~ I I QuiD' I Dltter-, hydrane ence I Color hydrone ence Color 
f e·f g I h I g·h I I 
6.72 
6.71 
6.70 
6.60 
6.66 
6.67 
6.75 
6.38 
6.65 
Results with cream. 
.03 1 6.65 6.62 
-.02 6.65 
.14 I 6.95 I 6.74 
.19 I 6.95 
.15 I 1.10 
.20 I 1.10 
.00 \ 6.80 
.05 6.90 
.19 \ 6.65 
.09 6.10 
.43 I 1.05 
.48 7.15 
.151 6.75 
.20 0.80 
.27 6.90 
.32 6.90 
.17 6.86 
.19 6.89 
6.82 
6.80 
6.64 
6.65 
6.52 
6.53 
6.66 
.03 I 
.03 I 
.21 \ 
.21 
.28 \ 
.28 
.00 \ 
.10 
.01 I 
.06 I 
.40 \ 
.50 
.23 \ 
.28 
.31 I 
.37 
.20 I 
.23 
(Continued next page) 
6.70 
6.70 
7.15 
1.15 
7.00 
7.00 
6.80 
6.85 
6.65 
6.70 
1.65 
1.50 
6.80 
6.85 
7.50 
1.55 
7.03 
7.04 
, Quin' (Dlffer-, hydrane ence 
I l 1-l 
6.75 
6.76 
6.80 
6.67 
6.61 
6.79 
6.44 
6.91 
6.11 
.05 I 
-.05 
.
39 1 
.39 
.20 I 
,20 I 
.13 \ 
.18 
.04 \ 
.09 
.86\ 
.71 
.36\ 
.41 
.59 I 
.64 
.32 I 
.33 
Color 
k 
6.75 
6.80 
6.95 
7.00 
7.00 
7.00 
6.90 
6.95 
6.85 
6.80 
7.50 
7.55 
6.70 
6.75 
7.50 
1.50 
1.02 
7.04 
( QUID' ,Differ., hydrone ence 
1 I k-! I 
6.85 
6.71 
6.96 
6.92 
6.11 
1.06 
6.48 
6.98 
6.84 
.10 I 
-.05 
.24 I 
.29 
.04 I 
.04 I 
.02 I 
.03 I 
.08 I 
.03 
.441 
.49 
.22 I 
.27 
.52 I 
.52 
.18 \ 
.20 
NaOH 
, QUln., Differ-
Color hydrane ence 
min m-n 
1.15 
1.15 
7.00 
7.00 
7.20 
7.20 
6.15 
6.80 
6.80 
6.85 
1.15 
7.70 
6.80 
6.80 
7.10 
1.60 
7.14 
7.14 
7.11 
6.68 
7.08 
6.72 
6.13 
1.10 
6.51 
1.02 
6.S7 
.04 
.04 
.32 
.32 
.12 
.12 
.03 
.08 
.01 
.12 
.65 
.60 
.29 
.29 
.68 
.58 
.27 
.21 
~ 
\0 
TABLE 5-CONTINUED 
Run 
No. 
10 
11 
12 
13 
14 
AVerage, 
Dolomitic lime + NaOH+ Na.C03 + 
Na·sesqui. I DolomItic lime and 
cabronate+ ! Na·sesqui·carbonate 
NaOn and I 
Na-sesqui-carbonatc I NaOH 
I QUln-1 Dtrrer-I I Quin- I Differ-I Color hydrone cnce Color hydrone enc'e Color 
I b a- b I I d I cod I 
I QUin- I Differ-I hydrone ence 
If! e-f 
I Quin- \Dltfer-I I Quin- I Dmer-\ Color hydrone ence Color \ hydronf' cnce 
g I h g-h I 1 j I I-j 
I Quln- \Dtlter-I I Quin- I Dilfer-Color hydrone ence Color hydrone I cnce 
k I I k-I I min I m-n 
Results with butter sera. 
6.90 6.83 .07 I 6.9j 7.01 -.06 I 6.75 6.64 .11 I 7.05 7.01 .041 6.85 6.85 .00 I 6.80 6.91 I _.11 I 
7.00 .17 6.90 -.11 I 6.70 .06 7.10 .09 6.85 .00 6.80 I _.11 I 
7.05 7.02 .031 6.9j 6.90 .051 6.85 7.03 -.181 6.75 6.83 -.131 7.0~ 7.02 .031 7.00 7.27 I -.271 7.1~ 7.13 -.03 
7.05 .03 7.0C .10 6.90 -.13 6.80 -.08 7.00 .03 7.00 _.27 7.0a -.08 
6.70 7.13 _.431 6.80 7.0S -'~SI 6.75 7.12 -.3~ I 6.70 7.21 -.51 I 6.!~ 7.16 -.41 I 6.90 7.25 I -.35 I 7.2~ 7.30 -.1~ 
6.75 -.38 6.80 -._S 6.80 -.3- 6.75 -.46 6.'J -.41 6.90 _.35 7.10 -.la 
7.10 7.05 .O~ I ~.O~ 6.96 .09 I 7.15 7.12 .O~-I 7.2~ 7.25 -.U5 I 7.0~ 7.09 -.04 I 7.15 7.22 -.O~ I 7.~0 7.29 -.09 
7.10 .00 I ,.Oa .09 7.10 -.02 I 7.10 -.10 I 7.00 -.04 I 7.10 _.1- I 7.30 .01 
7.00 7.03 -.03/ 7.10 7.22 -.121 6.95 6.97 -.021 7.10 7.22 -.12/ 6.9,; 6,96 -.01 I 7.15 7,15 .00 / 7.05 6.94 .11 
6,95 -.08 7,10 -,12 7.00 ,03 7,10 -,12 7,00 .04 7,15 .00 7,05 .11 
6.90 I 6.94 / _, 04 1 7,15 / 7.19 / -,041 7,05 6,99 .06 I 7,10 I 7.16 -,06 I 6,9~ I 6,91 I "'--,01 I 7.1., I 7.10 I .o~ I 7,00 6.91 .09 
6,95 .01 7.15 -,04 7,10 .11 I 7,15 -,01 6,9, ,04 7.15 .00 I 7.10 .19 
6.80 7.10 -.30 I 6,90 7,17 I -.271 6.85- 7,11 I -.26 I 6,70 7,07 -.37 I 6,80 1.02 -.22 I 6,85 1.01 -,16 I 6,13 6,95 -.20 
6,85 -.2;; 6,% -.22 6.95 I -,16 I 6.85 -.22 I 6,85 -.17 I 6,90 _.11 I 6,~U -.15 
6,80 6.Ul _.11 I 6,95 7,12 I -.11 I 1.00 7.10 I -.10 I 6.90 7,05 -.15 I 6,85 6.99 I -.14 1 6.95 6,94 .01 I 6,85 6,82 ,03 
6.90 -.01 7,00 -.12 7.05 -.05 6,95 --.10, 6,90 -.09 6,95 ,01 6.90 ,13 
7.0~ 6.97 .o~ I 7,1~ 7.06 I .04 I 7,00 7,06 I -.06 I 7,15 7,08 .07 I 1.0j 7,20 I -.15 I 7.25 1,36 \ -,11 \ .. ~o 7,42 I -.1! 
6,9, -,0. 1.0J -.01 I 1.00 I -.06 7.15 ,07 7.10 -.10 7.30 -,06 7 .• 0 I -.2. 
6.75 6,88 .13/ 6,S5 7.00 I ,15 I 6,90 7.03 I .13 I 6,80 7.02 -,22/ 6.85 7,12 I .27 I 6.90 1,30 I -.40 I 6.95 7,31 I .36 
6,70 _.18 6,90 -,10 6,90 I -.13 6,85 -.17 6,90 -.22 7,00 -.30 1,00 I -.31 
6.90 I 6.93 I -. 03 1 6,95 I 7.10 / -.15 1 7.00 I 7.20 I -.20 I 6.85 I 6,89 I -.04 1 6.75 I 6,77 I -.02 1 6,65 I 6.67 I -.02 I 6,60 I 6,65 I -.05 
6,95 .02 7.00 -,10 7.05 -.15 6.90 .01 6.70 -.07 6,65 _.02 I 6.60 -.05 
6.8j I 6.80 I ,05 1 6,90 I 7,05 I -,15 I 6,95 I 7,08 I -.13 1- 6,85 / 6.85 I .00 I 6.75 I 6.69 I .06 I 6.60 I 6,63 I _,03 I 6.15 I 6.58 ,17 
6.85 .05 6,95 -.10 1,00 -.08 6.90 ,05 6.S0 .11 6.10 .07 I 6,80 .22 
6,8j 6.81 I . 04 1 6,85--1 6. 8100 1- . 04 1 6.55 6.48-1--·07-1~1 6.91 I -.11 I 7.15 I 7.31 -.16 1 1.0j I 7,25 I -.20 I 1,15 I 7,29 -.14 6,85 ,04 6,80 -.01 6.55 .07 6,70 -,16 7,15 -.16 7,10 _.15 7,15 -,14 
1.20 I 6.75 I .45 1 6,85 I 6.79 I .06 1 6,60 I 6.45 I .15 1 6.70 I 6.92 I -.221 7.05 I 7,25 I -.20 I 1.00 I 1.20 I -.20 I 7.00 I 7.24 -.24 
7.25 .50 6.80 ,01 6.60 .15 6,70 -,22 7.05 -.20 7.00 _.20 7.00 -.24 
6.91 I / _.03/ 6,95 / / -.08/ 6,88 I / -.08/-6:90 i I -,)4 I 6.92 I / -.10 / 6,96 I -.13 I 6,99 J -.07 
6,94 6,94 .00 6.96 7,03 -,07 6.91 6.96 -,OJ 694 I 7,04 -.10 I 6,93 1.02 -.09 6,9S 1.09 I _,11 I 7.01 1,06! -.05 
In all cases upper colorimetric rending by individual U A," lower by indi vidual "B," Headings made independently. 
La bora tory method used for butter sera. 
§ 
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TABLE 6. pH VALUES OF CREAM AND OF BUTTER SERA BY THE 
COLOH.IMETRIO AND QUINHYDRONE (FIELD) METHODS.* 
pH of cream pH of butter serum 
I Differ· Differ· 
Type of once once 
Creamery acid-reducing Quin. colori· Quin· colori· 
number system hydrone Colori- metric· hydrone Colori· metric· 
employed field metric qui'n- field metric quin· 
method method hydrone method method 'hydrono 
1 I C & M hme 5.95 6.10 \+0.15 6.24 6.30 \+0.06 
+ C. A. S. 6.30 6.40 +0.10 6.60 6.50 -0.10 
2 IC &. M lime 6.62 6.80 1+0 .18 6.24 5.90 1-0 .34 
+U. S. N. 6.79 6.80 +0.01 7.40 7.40 0.00 
3 1 NaHCO. 6.94 6.80 1-0.14 6.27 6.25 1-0•02 6,63 6.70 +0.07 6.44 6.40 -0.04 
4 
\ 
C & M lime 6.31 6.20 1-0 .11 6.64 6.50 1-0 .14 6.69 6.65 -0.04 
5 1 Na·Scsqui'· 6.94 6.85 1-0.12 6.79 6.45 \-0.34 
carbonate 6.45 6.65 +0.20 6.82 6.75 -0.07 
6 II C. A. S. 6.72 6.60 \-0.12 7.52 . 7.30 \-0.02 7.02 6.80 -0.22 
7 I C. A. S. 6.61 ' 6.55 1-0 .06 7.03 6.85 1-0 .18 6.58 6.50 -0.08 
8 I C. A. S. 6.90 6.80 1-0 .10 7.15 7.40 1+ 0 .25 6.72 6.85 +0.13 6.68 6.50 -0.18 
9 I C. A. S. 6.53 6.70 1+0 .17 6.25 6.40 1+0.15 7.21 6.90 -0.31 
10 I Alwood's lime II 7.24 7.10 1-0.14 I 7.37 I 7.40 I~~:~.~ I • 7.96t >7.5ot 
11 
\ 
A·1 neutral· I 6.94 6.80 1-0 .14 I 6.67 6.60 1-0 .07 izer 6.94 6.75 -0.19 
12 I A·l neutral· I 6.90 6.80 /-0.10 \ 6.87 6.75 /-0.12 izer 6.42 6.40 -0.02 
13 I Anderson's A &1 6.41 6.70 1+ 0.29 I 6.21 6.10 I 0.11 Anderson's B 5.96 5.90 -0.06 
14 
\ 
Neutrozone A 
1 
6.07 6.30 1+0 .23 1 
6.05 6.30 1+0 .25 6.03 5.90 -0.13 
15 
\ 
Na·Sesquj'· 
1 
6.70 6.75 1+ 0.05 1 
6.87 6.80 1-0 .07 
carbonate 6.99 6.85 -0.14 
16 
1 
o & :1>1 lime I 6.50 6.75 /+0.25 1 7.25 7.45 1+0 .20 6.83 7.10 +0.27 
- 17 \ Alwood's lime I 6.72 6.80 1+0.08 I 6.87 6.90 \+0.03 6.37 6.45 +0.08 
18 
\ 
Alwood's lime I 6.89 6.S0 1-0.09 I 6.22 6.20 1-0 •02 + neutraline 7.13 6.90 -0.23 
19 I Alwood's lime I 6.23 6.30 \+0.07 \ 6.69 6.55 1-0.19 + neutraline 6.77 6.65 -0.12 
20 \ Alwood's lime 
\ \ .--._--- / 
8.14t 1>7.5o t 
1+0:08 6.32 6.40 
21 I 0 & M lime I 6.82 6.75 /-0.07 / 6.92 / 6.80 I 0.12 +0. A. S. 6.22 6.10 -0.12 
22 I o & :1>1 lime I 6.94 6.90 1-0 .04 1 5.83 \ 5.95 Ito.12 +0. A. S. 6.75 7.20 0.45 
Average I I 6.646 6.673 1+0.027 I 6.670 I 6.646 I 0.024 
• These determinations were mnde in creameri~s. Steam condensate was used !l8 
distilled water. The time elapse durin~ which the determinatIons were made 
was about 8 weeks. The Leeds and Northrup quinhydrone pH indica tor, No. 
7654, was employed for the clectrometri'c measurements. 
t Not included in averages. 
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TABLE 7. DIFFERENOES BETWEEN AVERAGE pH VALUES (OOLORI-
METRIO·QUINHYDRONE) FOR BUTTER SERA MADE FROM CREAMS, 
THE ACIDITIES OF WHIOH WERE ADJUSTED IN DIFFERENT 
WAYS BY VARIOUS ACID·REDUCING AGENTS. 
Arid.reducing 
agent employed 
Sodium hydroxide 
Sodium carbonate 
Sodium sesqui,carbonate 
Sodium carbonate & sodium 
bicarbona te, fused mixture 
Dolomitic lime 
Calcium lime 
Dolomitic lime + sodium 
sesqui.carbonate 
Sodium hydroxide + sodium 
sesqui ·carbona te 
Various·aeid.reducing agents 
I Table from wbich data obtained 
1 415 1 516 I Acid·reducing agent added completely \ Av. for before (B) or partly before and partly each acid-
;..1 _~a:.;ft:.:e::.r...,...:.(B=--:+~.:;A~)~p~a:.:s;:;te::.:u:;r.:;iz;::a::t.:.:io:.:n==.,-----\ reducing 
1 BIB 1 B + AlB 1 agent ;"1--AFv-.g-'~P~H~d~i~ff~e-r-en~c~e:.;,-e~O~I~or~i~m-e~t~ri~c~_-41 
quinhydrone 
-0.09 -0.06 1 -0.07 -0.073 
-0.11 1 -0.07 -0.090 
0.13 I 0.12 0.125 
-0.190 
-0.040 
+0.060 
0.090 
-0.120 
-0.03 -0.090' 
TABLE 8. DIFFERENCES BETWEEN AVERAGE pH VALUES (READING BY 
"A"-READING BY "BOO) BY THE COLORIMETRIO JlIETHOD FOR BUTTER 
SERA FROM OREAMS, THE AOIDITY OF WHIOH WAS ADJUSTED IN 
DIFFERENT WAYS BY VARIOUS ACID· REDUCING AGENTS. 
Acid·reducing 
agent employed. 
Sodium hydroxide 
Sodium carbonate 
Sodium se,qui'carbonate 
Sodium carbonate + sodium 
bicarbonate. fused mixture 
Dolomit·ic lime 
Calcium lime 
Dolomiti'c lime + sodium 
sesqui·carbonate 
Sodium hydroxide + sodium 
sesqui·carbonate 
Table from which data obtained 
4 1 5 1 
Acid·reducing agent added completely IAJiff~:'v, 
before (B) or partly before and partly 
after (B + A) pasteurization. ence 
BIB 1 B +A 1 e;o:h 
Difference color. pH read by .. A" I acid· 
color. pH read by "B". reducing 
Max. 1 Av. 1 Max. 1 Av. 1 Max. 1 Av. 1 Bgent 
+0.101 +0.021 +0.101-0.021+0.051-0.011 -0.01 
+0.201+0.041 .......... 1 .......... 1+0.101-0.031 +0.01 
1 +0.101+0.021 .......... 1 .. · ... ·.··1+0.151-0.041 -0.02 
1 +0.151+0.011 .......... 1 .... · ..... 1+0.101-0.031 -0.02 
1 +0.101+0.041 .......... 1 .......... 1 ... · ...... 1 .. · ....... 1 +0.04 
/ ............ / .......... /+0.05 -0,01 ........ ../ .......... / -0.01 
/ ............ / .......... /+0.10/-0.02/ .......... / ....... .../ -0.02 
TABLE 9. pH VALUES (BY QUINHYDRONE AND GLASS ELECTRODES) OF BUTTER SERA FROM BUTTER SAMPLES HELD 
DIFFERENT LENGTHS OF TIME AT 60·C. AND 95·0.+ 
Time held in bath (min.) 
30 50 I 70 90 
Sample Quin. I Differ· Quin· I Differ· I Quin· Differ· Quin. I Differ· No. Glass hydb'0ne ence Glass hydJone ence Glass hydrone ence Glass hyd,one ence 
a b'a c d·c e f f'e g h·g 
Samples held at 60·0 
1 7.10 7.03 
I 
.07 7.15 7.07 .08 6.75 7.06 ,31 6.75 7.07 .S2 
2 5.60 5.66 .06 5.60 5.64 .04 5.60 5.68 .08 5.60 5.68 .OB 
3 7.00 7.14 .14 7.00 7.16 .16 7.00 7.14 .14 7.00 7.16 .16 
4 7.00 7.16 .16 7.00 7.18 .18 7.00 7.1B .18 7.00 7.19 .19 
5 6.10 6.15 .05 6.15 6.18 .03 6.15 6.24 .09 6.15 6.21 .16 
6 6.55 6.75 I .20 6.65 6.76 .11 6.55 6.77 .22 6.55 6.78 .23 7 6.85 6.89 .04 6.80 6.85 .05 6.85 6.88 .03 6.85 6.91 .06 8 6.35 6.55 .20 6.40 6.55 .15 6.45 6.58 .13 6.50 6.57 .07 
9 6.55 6.58 .03 
I 
6.55 6.58 .03 6.45 6.58 .13 6.45 6.59 .14 
10 7.25 7.27 .02 7.25 7.27 .02 , 7.25 7.30 .05 7.25 7.33 .08 
11 6.80 6.88 .08 6.85 6.93 .08 6.85 
I 
6.94 .09 6.80 6.94 .14 
12 6.45 6.62 .17 6.45 6.61 .16 6.40 6.61 .21 6.45 6.61 .16 
13 6.65 I 6.77 .12 I 6.65 I 6.77 ) .12 6.65 6.80 .15 6.65 6.79 .14 14 6.75 6.95 .20 6.75 6.93 .18 6.75 6.95 I .20 6.75 6.97 I .22 15 5.95 5.91 -.04 6.00 5.87 -.13 5.95 5.85 -.10 I 6.00 5.86 -.14 16 6.75 7.01 .26 6.75 6.98 .23 6.75 , 6.96 , .21 6.75 , 6.98 , .23 
Average 6.61 6.71 I .10 6.63 6.71 .08 I 6.59 6.72 .13· T 6.59 6.73 .14 
Samples held at 95·0 
1 7.05 7.16 
I 
.11 7.10 7.23 .13 
I 
7.10 7.09 .01 7.15 7.18 .03 
2 5.90 5.80 -.10 5.90 5.68 -.22 5.85 5.62. -.23 5.80 5.57 -.23 
3 6.90 7.34 .44 7.10 7.37 .27 7.15 7.42 .27 7.15 7.48 .33 
4 6.90 7.34 .44 7.10 7.38 .28 7.15 7.41 .26 7.15 7.47 .32 
5 5.95 5.92 -.03 5.90 5.88 -.02 5.95 5.89 -.06 5.90 5.86 -.04 
6 6.40 6.82 I .42 6.45 6.76 .SI 6.50 6.77 .28 6.50 6.75 .25 7 6.85 6.98 .13 * I * * 6.90 6.99 .09 6.85 6.91 .06 8 6.45 6.43 -.02 I 6.40 6.42 I .02 6.40 6.43 .03 6.30 6.52 
I 
.22 
9 I 6.55 
I 
6.65 I .10 \ 6.45 I 6.56 I .11 6.35 6.66 .31 6.40 6.61 .21 10 \ 7.35 7.56 .21 7.35 7.55 .20 7.35 7.52 .17 7.30 7.47 .17 11 6.90 7.16 .26 6.90 7.07 .17 6.85 7.13 .28 6.80 7.09 .29 
12 I 6.50 6.65 I .15 ! 
6.50 6.64 .14 6.50 6.69 .19 6.50 6.69 .19 
13 7.10 7.28 .18 6.60 6.79 .19 6.55 6.80 .25 6.55 I 6.77 .22 
14 I 6.75 I 6.91 , .16 6.75 6.90 .15 6.70 6.91 .21 6.60 I 6.86 .26 15 6.10 5.82 I -.28 6.10 5.78 -.S2 6.05 5.76 -.29 6.05 5.75 -.30 16 6.75 7.04 , .29 , 6.75 7.00 .25 6.70 7.01 .31 6.70 6.96 .26 
- -- ~-- -
Average 6.65 6.80 , .15 -, -6.62 6.'13 I .11 I 6.63 6.76 , .13 6.61 6.75 .14 
+ Temperature of a boiling water bath. 
* Sample jar was broken in water bath. 
§ 
TABLE 10. pH VALUES (BY QUINHYDRONE AND GLASS ELECTRODES) OF BUTTER SERA FROM BUTTER SAMPLES HELD 
1 HOUR AT 60·C. AND 95·C.+ 
Sample 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Butter heated 1 hour at 60·0. 
Glass I Quinhydrone I Differences 
I Field \·LaIi., Field, Lab.-'----, --,- , abc d b~ d~ ~8 d·b 
6.50 6.90 7.05 1 7.02 .40 .03 .55 
.12 
5.65 5.75 5.61 5.63 .10 .02 -.04 -.12 
7.05 7.10 7.18 7.23 .05 .05 .13 .13 
5.70 5.70 5.80 5.76 .00 -.04 .10 .06 
6.50 6.50 6.70 6.74 .00 .04 .20 .24 
6.55 6.55 6.72 6.77 .00 .05 .17 .22 
6.40 6.50 6.47 6.57 .10 .10 .07 .02 
6.50 6.551 6.56 6.60 .05 .04 .06 .05 
7.10 7.251 7.18 7.28 .15 .10 .08 .03 6.80 6.90 6.89 - 6.94 .10 .05 .09 .04 
6.35! 
6.50 6.50 6.62 .15 .12 .15 .12 
.5  6.65\ 6.70 6.75 .10 .05 .15 .10 6.85 6.85 6.92 6.93 .00 .01 .07 .08 
6.15 6.15 5.91 5.90 .00 -.01 -.24 -.25 
6.95 7.05, 6.93 6.95 .10 .02 -.02 -.10 
-
Butter heated 1 hour at 95·0. 
Glass I Quinhydrone I Differences 
Field I La.b. 1 Fielifi Lab. 1 I I 
elf r g r h I f·e r h·g 1 g·a 
6.80 6.50 * 7.48 .30 * . 5.60 5.50 5.52 5.54 -.10 .02 -.08 
7.10 7.10 7.42 7.41 .00 -.01 .32 
5.85 5.80 5.65 5.77 -.05 .12 -.20 
6.30 6.30 6.57 6.70 .00 .13 .27 
6.40 6.40 6.65 6.88 .00 .23 .25 
6.25 6.45 6.36 6.58 .20 .22 .11 
6.40 6.45 6.47 6.66 .05 .19 .07 
7.30 7.35 7.48 7.51 .05 .03 .18 
6.75 6.90 6.99 7.11 .15 .12 .24 
6.30 6.50 6.44 6.72 .20 .28 .14 
6.50 6.65 6.61 6.72 .15 .11 .11 
6.50\ 6.65 6.72 6.86 
.15\ .14 .22 5.80 5.75 5.76 5.84 -.05 .08 -.04 
6.80 6.70 6.97 7.00 -.10 .03 .17 
hoi 
.98 
.04 
.31 
-.03 
.40 
.44 
.13 
.21 
.21 
.21 
.22 
.07 
.21 
.09 
.SO 
Comparison of 
60·0. and 95·0. 
Differences 
a·e , b·i , e·g I d·h 
.30 .40 * .46 
.05 .25 .09 .09 
-.05 .00 -.24 -.18 
-.15 -.10 .15 -.01 
.20 .20 .13 .04-
.15 .15 .07 -.11 
.15 .05 .11 -.01 
.10 .10 .09 -.06 
-.20 -.10 -.30 -.23 
.05 .00 -.10 -.17 
.05 .00 .06 -.10 
.05 .00 .09 .03 
.35 .20 .20 .07 
.35 .40 .15 .06 
.15 .35 -.04 -.05 
Average 6.511 6.591 6.6116.651 .081 ~041-.101 .071 ~441 6.471 6.541 6.721 .031 .181 .101.25r--.07r---:-121 .071-.07 
+Temperature of a boiling water bath. 
* Sample was spilled. 
~ 
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TABLE 11. DIFFERENCES BETWEEN AVERAGE pH VALUES (QUINHY-
DRONE LABORATORY - QUINHYDRONE FIELD lIIETHOD) FOR BUTTER 
SERA FROJlI CREAJlIS. THE ACIDITIES OF WHICH WERE ADJUSTED IN 
DIFFERENT WAYS BY VARIOUS ACID·REDUCING AGENTS. 
Table I I Difference laboratory· I 
from which I Acid-reducing agent , field method 'Samples measured 
data I employed I Max. I Av. I Total I No. neg. 
obtained. 
, Sodium hydroxide +0.13 , +0.U7 I 14 I 0 
I Sodium carbonate +0.14 I +0.07 I 14 I 0 
4 
I~S~od~i~u~m~se~s~q~u~i.~ca~r~b~o~n~at~e~~ __ +~0~.2~8~+' __ +~0~.0~8~~' __ ~1~4 __ ~' __ ~0 __ 
I Sodium carbonate + sodium I I I I 
, bicarbonate, fURed mixture +0.11' +0.07 14 0 
Dolomitic lime , +0.18 '+0.06 14' 1 
__ ~-=-__ ..;-,C:=;alcium lime I +0.09 ,+0.01 14 I 4 
10 IlIlisceilaneous samples from I I I 
~~m~y with reduced +0.12 +0.04 15 I 
I Averages +0.150 +0.057 I 14.1 I 
TABLE 12. pH VALUES BY THE GLASS ELECTRODE AT 
DIFFERENT TElIIPERA TURES. 
3 
1.1 
Values with a pH 6.50 buffer Values with a cream sample 
Temp. (OC.) , pH Temp. (OC.) pH 
1 I 6.75 5 6.90 
10 I 6.55 15 6.75 
18 I 6.50 20 6.70 
24 6.50 25 6.70 
______ ~a~o~ ____ ~' ____ ~6~.5~0~ ____ ~ ____ ~3~0 ______ L_ ____ ~6.70 ____ _ 
TABLE 13. VARIATIONS IN pH VALUES OF BUTTER SERA BY THE 
GLASS ELECTRODE CAUSED BY CHANGE IN ASYMMETRY POTENTIAL. 
Sample M~lting 
______ .::c.N;,:o..;... _____ +-..:t.::im;,:;e::..(min.) 
30 
1 
2 
3 
4 
5 
50 
70 
90 
30 
50 
70 
90 
30 
50 
70 
90 
30 
50 
70 
90 
30 
1'0 
70 
90 
Melted at 60°0. 
1st rdg. , 2ml r<1g. 
7.00 I 7.00 7.00 6.95 
7.00 7.00 
7.00 7.00 
7.15 
7.15 
6.90 
7.10 
6.10 
6.15 
6.50 
6.50 
6.65 
6.70 
6.65 
6.65 
6.45 
6.50 
6.50 
6.50 
7.00 
7.00 
7.00 
7.00 
6.30 
6.30 
6.35 
6.35 
6.55 
6.65 
6.55 
6.55 
6.30 
6.35 
6.45 
6.50 
Melted at 95°0. 
I
'-lit I' 2n;;t 
7.35 7.15 
7.40 7.15 
I 7.00 I 7.10 6.8.'; 
6.70 I ~:~~ I 5.95 6.00 
I 6.45 I 6.35 I 6.35 I 6.10 
I I 
I I 
7.20 
7.15 
7.00 
6.95 
5.95 
5.90 
5.95 
5.90 
6.25 
6.10 
6.10 
6.00 
